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1 | INTRODUCTION

Abstract

Isolated bile leakage (IBL) after hepatectomy is intractable, and various treatment
methods for it have been reported. This review aimed to clarify the treatment strat-
egy for IBL by summarizing studies on IBL after hepatectomy without extrahepatic
bile duct resection. Thirty-three cases of IBL were reported. The incidence of IBL is
very low, accounting for 0.1%-1% of all hepatectomy cases. The risk factors for IBL
are unclear; however, several reports mention that biliary anomaly is associated with
a high risk of IBL, with preoperative and intraoperative confirmation of biliary tree
anatomy being the most important preventive strategy. Treatment methods for IBL
include liver resection, bilioenteric anastomosis, endoscopic treatment, bile duct ab-
lation, percutaneous transhepatic portal vein embolization (PTPE), transcatheter ar-
terial embolization, and use of fibrin glue. The therapeutic methods should be chosen
depending on remnant liver function, amount of bile leakage, and the liver volume
causing the bile leakage. When there is bile leakage from less than one segment, non-
surgical treatment is recommended, whereas when there is bile leakage from one
or more segments, surgical treatment can be recommended. Nevertheless, recently,
non-surgical treatment such as PTPE, PTPE with bile duct ablation, and endoscopic

methods have been considered as effective treatment approaches.
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day 3 or the need for interventions owing to bilious collection or
biliary peritonitis.® Postoperative bile leakage is associated with an

increased risk of post-hepatectomy liver failure and mortality.7'8

Currently, hepatectomy can be carried out safely because of the im-
provement in surgical techniques and perioperative management.i'2
Mortality rates after hepatectomy have decreased from 2.6% to
1.6%.13 However, the incidence of bile leakage has been reported
to be 3.3%-8.7% and has not changed over the past few decades.™
According to the International Study Group of Liver Surgery (ISGLS),
bile leakage after hepatectomy is defined as drainage of fluid with bil-
irubin level three times greater than the serum level at postoperative

Most bile leakage cases are treated with simple drainage.
However, some types of bile leakage require interventions, such
as endoscopic bile drainage or percutaneous abdominal drainage.
Intractable bile leakage is defined as bile leakage that does not
improve after a drainage procedure. Bile leakage was classified by
Nagano et al into the following four groups: type A, minor leakage
from a cut surface; type B, leakage caused by insufficient closure of
the bile duct stump; type C, leakage from the injured bile duct wall at
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the exposed bile duct or hilar bile duct; and type D, leakage from the
distal orifice of the isolated bile duct.*? Type D bile leakage is intrac-
table and cannot be treated by simple drainage alone. Patients with
Type D bile leakage undergo surgical procedures, such as liver resec-
tion or choledochojejunostomy, or non-surgical procedures, such as
bile duct ablation with absolute ethanol, transcatheter arterial em-
bolization (TAE), or percutaneous transhepatic portal embolization
(PTPE) of the liver segment that produced the bile leak. We summa-
rized the reports of leakage from the isolated bile duct (isolated bile
leakage [IBL]), regardless of the size of the independent bile duct,

after hepatectomy to establish treatment strategies for IBL.

2 | LITERATURE SEARCH

PubMed  (URL:

searched for previous reports on IBL after hepatectomy that were

https://www.ncbi.nlm.nih.gov/pubmed)  was

published from 1998 to June 2018. The search was carried out using
the terms “bile leakage” and “hepatectomy.” Through the literature
search, no systematic reviews on IBL were found, and there were
29 studies reporting IBL, including 33 cases of IBL. We focused on

the management of IBL. These findings are summarized in Figure 1.

3 | RISK FACTORS FOR IBL

Risk factors for bile leakage have been described in several stud-
ies.*> IBL was very rare and accounted for 0.1%-1% of all hepatec-
tomy cases in some reports.%'3 Risk factors for IBL have not been
reported clearly. Types of liver resection in patients with IBL were
various, including 22 cases of major hepatectomy and five cases of
minor hepatectomy (Table 1). Bile duct anomalies were reported as
a risk factor for IBL.1Y° After right-side major hepatectomy, IBL oc-
curred from the bile duct of segment 1, left segmental bile duct, and
remnant right-side liver.}%'%1> Some cases in which Spiegel’s lobe was
joined to the right posterior section or the common bile duct were re-
ported.’®'>16 Patrono et al reported a biliary anomaly of a connection
of the segment 2 duct to the right bile duct.!* After left-side major
hepatectomy, IBL occurred from the posterior bile duct because of
the damaged right posterior segment bile duct draining into the left

duct.*t131 Several types of bile duct anomalies were related to IBL.

4 | PREVENTION OF IBL

It is most important to confirm preoperative biliary tree images
and perioperative assessment to prevent IBL.} Gadolinium-
(Gd-EOB-
DTPA)-enhanced magnetic resonance (MR) imaging could be used

ethoxybenzyl-diethylenetriamine penta-acetic acid
for preoperative evaluation of bile duct anatomy in addition to con-
ventional information on focal hepatic lesions.*® Moreover, intraop-
erative cholangiography through the cystic duct before ligation of

the bile duct is very important to prevent bile duct injury such as

posterior segment bile duct drain into the left duct. In several re-
ports, residual segments after hepatectomy may have caused iso-
lated bile duct leakage.!®!? Anatomical resection with meticulous
surgical technique is important to prevent IBL such as that from the

posterior bile duct after anterior resection.

5 | DIAGNOSTIC METHOD FOR IBL

It is very important to classify the type of bile leakage because the
treatment method for each type differs.’ For the detection of biliary
leakage, cross-sectional imaging studies, including ultrasound, com-
puted tomography (CT), and magnetic resonance cholangiography, are
used.?%2! Endoscopic retrograde cholangiopancreatography (ERCP),?
drip-infusion cholangiography with computed tomography (DIC-CT),?®
and Gd-EOB-DTPA-enhanced MR cholangiography?* are very impor-
tant for detecting the bile leakage point. Fistulograms are also helpful
for determining the type of biliary leakage and the degree to which leak-
age can be controlled by drainage.9 Direct enhancement of the bile duct
by ERCP is needed for the diagnosis of IBL to confirm the absence of a
connection to the central bile duct.?* Area of the independent bile duct
was confirmed by these images. The liver volume causing the bile leak-
age was measured by CT after injecting the contrast medium. Gd-EOB-
DTPA-enhanced MR cholangiography using delayed-phase images was
effective for detecting the presence and location of active bile leaks.?
In two recently published studies investigating the value of 20-30 min-
utes delayed Gd-EOB-DTPA-enhanced MR cholangiography for the de-
tection of biliary complications after hepatobiliary surgery, both groups
reported 100% sensitivity of this technique for the diagnosis of bile

Ieakage.24'26

5.1 | Surgical treatment of IBL

The 11 cases that underwent surgical treatment for IBL are sum-
marized in Table 2. Timing of surgical intervention was based on
non-responsiveness to external drainage and/or the persistence of
intra-abdominal sepsis.*® Surgical procedures were mostly carried
out at several months after the first operation. Only one patient un-
derwent the second operation at an early time point after the first
operation.11 Before the surgical treatment, percutaneous drainage,
PTPE, and TAE were done to treat the IBL. A planned approach was
based on the patient’s general status, volume of future liver remnant
and liver functional reserve, type and extent of injury, and volume of
the causing IBL.23 A previous report mentioned that the decision for
reoperation should be made as early as possible, preferably before
the development of severe intra-abdominal sepsis and dense adhe-
sions.® It was difficult to immediately determine whether the IBL was
not cured by non-surgical treatment. Surgical procedures were car-
ried out in seven cases of liver resection of the independent liver
parenchyma containing the fistula and in four cases of bilioenteric
anastomosis.'%13127 Another patient underwent resection with

biliary-enteric anastomosis.'%*® Liver resection was done when the
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FIGURE 1 Extraction algorithm for the ] ]
selection of articles reporting on isolated Eotefitially.televantamticles

. P g identified and screened
bile leakage (n = 394)

Articles excluded (n=283)
- Animal studies (n = 25)

- Not written in English (n = 54)
- Obvious irrelevance (n = 204)

Articles retrieved for more
detailed evaluation
(n=111)

Articles excluded (n = 82)

- Not related to isolated bile leakage (n = 80)
- Related to bilioenteric anastomosis (n = 2)

Articles related to isolated
bile leakage

(n=29)
TABLE 1 Types of liver resection in .
atients with isolated bile leakage No. of isolated
P & Surgery bile leakage cases Leaked bile duct: number
Major
Right extended hepatectomy 8 Left bile duct: 2, 51: 2. S2: 1.
Remnant S5/8: 2, remnant
S6:1
Right extended hepatectomy 1 S1:1
Right trisectionectomy 1 S2:1

Left hepatectomy

Left extended hepatectomy

Left trisectionectomy

Central bisectionectomy
Right anterior sectionectomy

Right posterior sectionectomy

Minor

Segmentectomy

Left lateral sectionectomy

Wedge resection

Details of hepatectomy were unclear

Note: ND, not described.

independent liver parenchyma of the bile leakage was segment 1 or
segment 4, and there was only one case in segments 6 and 7.
Bilioenteric anastomosis or fistulojejunostomy for IBL from the
major bile duct such as posterior segment after left hemihepatectomy
was reported in four cases in three reports.“*12'27 A percutaneous
transhepatic drain was positioned into the excluded bile duct before
operation, with the principal aim of guiding hilar plate dissection and
facilitating the location of the excluded duct.* Anastomosis between
the jejunum and the fistula was created using the drainage catheter

as a guide.?” Patrono et al reported that hepatico-jejunostomy on the

w

Posterior: 1, S1: 1, remnant
S4:1

S1/5: 1, posterior: 1
Posterior: 1
Posterior: 1, S8: 1

Posterior: 3

BW N RN

Anterior: 1

3 Anterior: 1, Posterior: 1, ND: 1
1 Posterior + S4: 1

2 S5:1,ND: 1

5 S1:1,ND: 4

excluded bile duct presented the advantage of sparing unnecessary
sacrifice of the liver parenchyma origin of the fistula.'* When the flow
of the bile duct is insufficient, patients undergoing bilioenteric anasto-
mosis may be at risk for severe cholangitis and liver abscess after the
operation.

Type of surgical procedure was based on the estimated volume of
the liver remnant and the functional reserve of the liver and intraop-
erative factors, such as adhesions, infection, abscess formation, and
anatomical distortions caused by regeneration of the remaining liver

and anatomical errors of the first operation.%*3
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5.2 | Non-surgical treatment of IBL

Non-surgical procedures to manage IBL are bile duct ablation, per-
cutaneous PTPE or TAE of the liver segment that produced the bile

leak. Non-surgical cases of IBL are summarized in Table 3.

5.2.1 | Endoscopic treatment

Generally, endoscopic drainage to the common bile duct is ineffec-
tive for IBL. Mutignani et al reported bridging stent treatment for
IBL.2 A transpapillary stent was inserted into the peritoneal cavity
to drain the associated bilious collection, and a second stent was in-
serted into the bile duct to ensure proper biliary drainage for the rest
of the liver.?® Lee et al reported that fluoroscopy-guided transgastric
hepaticoantrostomy was carried out for IBL after left hepatic trisec-
tionectomy, and all external drainage catheters were removed.?’ The
rendezvous procedure, which combines endoscopic techniques with
percutaneous techniques for the treatment of IBL, was reported in
only one study.®° Biliary continuity was successfully restored in two
out of the three patients using the rendezvous procedure.*® These
endoscopic treatments for IBL are minimally invasive procedures and
cause little damage to liver function. However, there are only a few

reports of endoscopic treatment because it is not widely carried out.

5.2.2 | Bile duct ablation therapy

Bile duct ablation therapy for IBL was mentioned in 13 case reports.
Ethanol was commonly used for bile duct ablation therapy;3°’31
acetic acid was used in one case and N-butyl cyanoacrylate in an-
other.*3* Kyokane et al reported that selective intrahepatic bil-
iary ethanol injection destroyed the biliary epithelium, permeated
the parenchyma, induced hepatocyte degeneration, and resulted
in compensatory hypertrophy of the non-injective hepatic lobe in
an animal study.41 Bile duct ablation therapy should only be done
for IBL with no communication with the biliary tree because etha-
nol results in irreversible damage to the remaining bile ducts.3%%?
It is necessary to confirm that the leaking bile ducts do not com-
municate with the biliary tree by carrying out fistulography and
ERCP.?” To prevent the outer bile duct from being exposed to
ethanol, some authors used a balloon occlusion catheter.8143% A
previous study reported that ethanol injection into the liver pa-
renchyma by a percutaneous transhepatic approach, instead of
into the bile duct, destroyed both the biliary epithelium and liver
parenchyma.®®

Most cases of IBL that were treated with ethanol ablation
therapy involved less than one segment. The largest area of IBL
treated with ethanol ablation was the anterior or posterior seg-
ment.}#2732:36 5adakari et al reported that bile duct ablation with
ethanol to the posterior segment was ineffective.3® They carried
out PTPE in the posterior portal branch. Shimizu et al treated IBL

from the anterior bile duct with 23 attempts of bile duct ablation

3 : ' 51
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with ethanol.®? Sakamoto et al reported that they successfully
treated a case with posterior bile duct ablation with ethanol as
the treatment process gradually decreased the size of the residual

posterior segment.27

When the liver volume is large, or when the
amount of leaked bile is high, IBL may often not be cured by etha-

nol ablation therapy.

5.2.3 | Percutaneous transhepatic portal vein
embolization

Percutaneous transhepatic portal vein embolization induces atro-
phy of hepatocytes and decreases the amount of bile duct juice.36
PTPE was reported in five cases; of these, three cases were suc-
cessfully treated,?>3%%7 whereas the other two cases underwent
operation without achieving successful treatment of the bile leak-
age.'®?7 PTPE was suitable for IBL from one or more liver seg-
ments. PTPE with fibrin glue or ethanol was reported to treat
isolated bile duct leakage from the posterior segment.%'37 Thus,
PTPE was used to decrease the amount of bile leakage from a large
area of the isolated bile duct when ethanol injection was ineffec-
tive.1%2737 However, some reports have shown that bile leakage
was not stopped after PTPE and needed to be treated with sur-
gery.'®?” |n a previous study, treatment with ethanol injection to
the fistula before PTPE failed because of the large amount of bile
leakage. Combination therapy with bile duct ablation after PTPE
was reported to be useful.?®> PTPE should be done only when pa-
tients are in good condition, with sufficient remnant liver function

to avoid liver failure.

5.2.4 | Transcatheter arterial embolization

Treatment for IBL with TAE was mentioned in only one successfully
treated case and in an unsuccessfully treated case.'®% TAE in the an-
terior segmental artery was carried out to stop the production of bile
in the injured part of the anterior segment after simple drainage and
ethanol injection treatment failed.>® The TAE treatment was effective,
and the patient was discharged 15 days after TAE. In contrast, Honore
et al reported a case in which liver resection was carried out as the
definitive treatment because TAE 1 month after PTPE failed to stop
bile Ieakage.10 Patients with a liver abscess after TAE are at high risk
of developing bile duct infection because of liver parenchyma necro-
sis after TAE.*? When bile leakage was detected after hepatectomy,
almost all cases had abdominal infections. TAE may be adaptable only
when the bile leakage area is very small; otherwise, infectious compli-

cations may arise.

5.2.5 | Fibrin glue

Tanaka et al reported two cases of fibrin glue treatment for 1BL.%

After confirmation that the fistula was free of infection and that
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Diagnosis and classification with
ERCP, MRCP, DIC-CT, and fistulograms

Non-isolated bile leakage Isolated bile leakage
Drainage
Biliary stent
One or more segments Less than one segment
Surgery Non-surgical treatment Surgery Non-surgical treatment
Bilioenteric anastomosis Ablation Hepatectomy Ablation
Hepatectomy PTPE Fibrin glue
Endoscopic method TAE

FIGURE 2 Postoperative bile leakage was diagnosed and classified by endoscopic retrograde cholangiopancreatography (ERCP),
magnetic resonance cholangiopancreatography (MRCP), drip-infusion cholangiography with computed tomography (DIC-CT), and
fistulograms. Therapeutic strategy of isolated bile leakage was classified by the quantity of bile leakage and as either surgical or non-surgical
treatment. When the isolated bile leakage was from less than one liver segment, the first choice of treatment method was non-surgical
treatment such as ethanol ablation. When the isolated bile leakage was from more than one segment, the first choice of treatment method
was surgical treatment. PTPE, percutaneous transhepatic portal vein embolization; TAE, transcatheter arterial embolization

the volume was less than 50 mL/day, the fistula was completely
sealed with a mixture of fibrin glue and iodized oil (Lipiodol; Kodama
Pharmaceutical, Tokyo, Japan). The fistula was immediately closed
without any major complications. It was considered that patients
were required to have a low volume of bile leakage for treatment with
fibrin glue. Treatment with fibrin glue was reported in only two cases,

and the treatment effect was limited.

6 | TREATMENT STRATEGY FOR IBL

We summarized the treatment strategy for IBL used in previous
reports (Figure 2). IBL was confirmed by the absence of conti-
nuity. When the bile duct was connected, drainage and biliary
stenting were carried out to control bile leakage. However, how
do we choose the optimal treatment method for cases with
unconnected bile duct? The most effective and minimally in-
vasive treatment method should be chosen depending on the
liver volume causing the bile leakage and liver function. When

the liver volume causing bile leakage, as assessed using DIC-CT,

fistulograms, and ERCP, is less than one segment, non-surgical
treatment with bile duct ablation should be initially considered.
Fibrin glue or TAE should be restricted for cases with IBL from a
very small region. Some cases reported successful treatment of
IBL by liver resection 8101315

When the liver volume causing the bile leakage is one or more
segments, fewer cases are amenable to treatment with bile duct ab-
lation or combination treatment with bile duct ablation and PTPE.?
If the non-surgical method is ineffective, surgical procedures, such
as bilioenteric anastomosis, fistulojejunostomy, or liver resection
should be carried out. However, adhesions as a result of inflam-
mation make these operations difficult, especially in cases with
cirrhosis. Therefore, the operation should be done by experienced
surgeons.

One limitation of the present study is that since we only sum-
marized the reports that were available on PubMed, almost all these
cases were successfully treated. Thus, there may be publication
bias against cases wherein no treatment modality was successful.
Further study will be needed to confirm the optimal strategy for the

treatment of IBL.
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Isolated bile leakage is a very rare complication. This type of bile leak-
age is intractable and results in a longer hospital stay. It is important
that patients with IBL be diagnosed definitively and early in order to
give appropriate treatment. Moreover, it is necessary to be careful
in cases of bile duct anomalies such as posterior segment bile duct
drainage into the left duct. Intraoperative bile duct enhancement
to confirm the biliary tree before resection of the bile duct is very
important to prevent IBL. The treatment method should be chosen
depending on the liver volume causing the bile leakage. When the IBL
is from less than one liver segment, non-surgical treatment may be
recommended as the first choice. Conversely, when the IBL is from
one or more segments, in some cases, IBL may be treated by non-sur-
gical treatment such as PTPE or bile duct ablation. If the non-surgical
method is ineffective, surgical procedures, such as bilioenteric anas-

tomosis, fistulojejunostomy, or liver resection, should be carried out.
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